Differential effects of substrate on type I and type II PKA holoenzyme dissociation.
It has been widely accepted that cAMP activates the protein kinase A (PKA) holoenzyme by dissociating the regulatory and catalytic subunits, thus freeing the catalytic subunit to phosphorylate its targets. However, recent experiments suggest that cAMP does not fully dissociate the holoenzyme. Here, we investigate this mechanism further by using small-angle X-ray scattering to study, at physiological enzyme concentrations, the type Ialpha and type IIbeta holoenzyme structures under equilibrium solution conditions without any labeling of the protein subunits. We observe that while the addition of a molar excess of cAMP to the type Ialpha PKA holoenzyme causes partial dissociation, it is only upon addition of a PKA peptide substrate together with cAMP that full dissociation occurs. Similarly, addition of excess cAMP to the type IIbeta holoenzyme causes only a partial dissociation. However, while the addition of peptide substrate as well as excess cAMP causes somewhat more dissociation, a significant percentage of intact type IIbeta holoenzyme remains. These results confirm that both the type Ialpha and the type IIbeta holoenzymes are more stable in the presence of cAMP than previously thought. They also demonstrate that substrate plays a differential role in the activation of type I versus type II holoenzymes, which could explain some important functional differences between PKA isoforms. On the basis of these data and other recently published data, we propose a structural model of type I holoenzyme activation by cAMP.